JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. ABSTRACT. To examine the influence of seasonality on the abundance and composition of species in the community, we studied the seed rain and the seed bank in a seasonal, semi-deciduous forest in south-eastern Brazil. Soil samples (depth 3 cm, 0.25 in2) were collected within a 1-ha plot in the dry seasons of 1996 and 1997 and the rainy season of 1997 (84 samples per collection). Thirty-five seed traps (0.25 m2 each) were placed randomly in the forest from March 1997 to February 1998. The greatest density of seeds in the soil occurred in samples collected during the rainy season, the period which coincides with the main fruiting period in this forest. The Sorensen similarity index values for the seed bank composition among the three periods were high (> 0.50). The fallout of propagules was strongly seasonal, with more than half of the annual total number of seeds being caught in the two months around the end of the dry season and beginning of the rainy season. The mean density of seeds in the soil bank was nearly 86% lower than the seed rain density. There was no clear evidence of seasonal effects on species density and richness in this forest.
MATERIALS AND METHODS

Study area
The study was conducted in the Santa Genebra Municipal Reserve which belongs to the Jose Pedro de Oliveira Foundation and is situated in the district of Barao Geraldo, just north of the city of Campinas, Sao Paulo, Brazil (22o49'45"S and 47'06'33"W). The reserve has an area of 251.8 ha and altitude of 580-610 m. The forest is surrounded by agricultural areas and houses. The forest is a mosaic of successional stages where the intact canopy of large trees is adjacent to gaps and secondary growth areas.
The regional climate is characterized by a dry, cool season (AprilSeptember) when the rainfall is less than 70 mm mo-' and the mean temperatures vary from 17.3 'C to 20.3 'C and a hot, humid season (October-March) when the rainfall is greater than 120 mm mo-' and mean temperatures vary from 21.3 'C to 23.3 'C. The reserve has seasonal reproductive and growth rhythms seen as the loss of leaves in the driest months (July-August) followed by the emergence of new leaves at the beginning of the humid season (October-November) (Morellato 1995) . 
The vegetation is classified as tropical, semi-deciduous forest (Leitao Filho
1995
Soil seed bank
For this study, an area considered to be late secondary forest situated in the central region of the reserve was chosen. A permanent plot (200 m x 50 m) in this area was subdivided into 100 equal plots of 10 m x 10 m, to give a total sample area of 1 ha. The 100 plots, each with an area of 100 M2, were further divided into subplots of 0.25 m2 to give 40 000 subplots which represented the sample units. In the dry season (August) of 1996 and 1997 and the rainy season (March) of 1997, 84 soil samples were collected (0.25 M2, 0.03 m deep, with a total sample area of 21 m2 and a volume of 0.63 m3). The precise locations of the subplots were obtained by measuring the coordinate distances from the boundaries of the plots. Each sample was placed in a black polythene bag which was then labelled, sealed and transported to the laboratory. Within 36 h of collection, the samples were placed in the nursery at the Departamento de Ciencias Florestais da Escola Superior de Agricultura Luis Queiroz, since germination in the nursery occurred more rapidly than in the greenhouse (M. T.
Grombone-Guaratini, pers. obs.). Germination experiments were performed using wooden boxes measuring 0.5 m X 0.5 m, with a 3-cm layer of vermiculite under the soil to facilitate drainage. The surface layer of leaves collected was sieved with a mesh sieve (4.76 mm) to prevent larger particles on the soil surface from affecting the germination process.
The samples of the 1996 dry season, the 1997 rainy season and the 1997 dry season were incubated with maximum temperature fluctuations of 14.0-30.6 0C, 14.2-29.9 0C and 15.3-31.7 0C, respectively. The samples were placed under full lighting in the nursery, since most seeds of the species present in this type of forest germinate in direct sunlight (I. Vailio,pers. comm.). To provide ideal germination conditions, the samples were kept humid. To obtain a measure of the number of viable seeds in the soil (Brown 1992, Gross 1990, Heerdt et al. 1996), the number of seedlings that emerged was counted weekly for 18 wk. Each seedling identified was removed from the box. After 8 wk of observation, all the seedlings were removed and the soil stirred to promote germination of seeds that may have remained buried or shaded. The number of new seedlings was again scored over the next 10 wk. Five control samples with vermiculite alone were randomly chosen for the experiment.
A few common weeds (Cuphea mesostemon Kohne, Emilia sonchifolia DC., Euphorbia prostrata Ait. and Oxalis sp.) germinated in the boxes with vermiculite but were excluded from the analysis. The young seed-bank plants were identified based on specialized literature and with help from experts as well as by consulting herbarium collections.
Seed rain
In the same area, 35 subplots were randomly chosen by simple sampling without reposition. The traps (0.50 x 0.50 m) were constructed with a wooden base and a cover of fine-mesh nylon and were installed 10 cm above the soil. The total sampled area was 8.75 M2. The inside of the traps was lined with fabric containing 70% polyester and 30% cotton to facilitate removal of the collected material. This fabric was chosen for its poor retention of moisture over a prolonged period thereby reducing the possibility of the collected material rotting in the trap.
The contents of the traps were collected monthly from March 1997 to February 1998. Once in the laboratory the material was sorted with the help of a magnifying glass and the diaspores were preserved in 70% alcohol for later identification. Only apparently viable propagules (with no signs of predation or empty seeds) were included in the analysis (Foster 1985) . Immature fruits were considered as aborted and were not included in the count since they would not be effective in increasing the population size (Stephenson 1981 ). The species found in the traps were classified according to their life form (trees, shrubs, herbs and climbers) and their manner of dispersal (van der Pijl 1982). The principal vertebrate agents of dispersal in this study were birds and mammals. The material collected was identified by comparison with a desiccated fruit collection, from the same area and by comparison with material in the herbarium collection of the Universidade Estadual de Campinas (UEC). The help of experts was also sought when necessary.
Vegetation composition and structure
From 1996 to 1998, all plants with flowers and/or fruit in the study area were collected and identified.
Data analysis
After square-root transformation, ANOVA followed by Tukey's multiple comparison test (Zar 1999 ) was used to compare the soil seed density of different periods of collection. The K2-test was used to assess the normality in the population distribution (Zar 1999) .
Floristic similarity between (1) the species lists from the three seed-bank samples and (2) the flora of the seed rain and the flora of the forest area studied (taking into consideration all life forms found in the forest and in the seed bank) was computed using S0rensen's Index (Mueller-Dombois & Ellenberg 1974). To verify the species similarity among the studied months an agglomerative hierarchical clustering analysis was performed, using the S0ren-sen's Index and unweighted paired group arithmetic averaging (UPGMA) using the FITOPAC package (Shepherd 1995) . The densities (D) and absolute frequencies (f) were calculated for seed-bank and seed-rain species as D = n / A and f = 100 x (pIP) when n was the number of individuals of each species, A was the sampled area (m2),p was the number of samples with each species and P was the total number of samples (Mueller-Dombois & Ellenberg 1974). ANOVA followed by Tukey's multiple comparision test (Zar 1999 ) was used to compare the soil seed density of different periods of collection. We used X2-test to compare different dispersal mechanisms of trapped species in the seed rain (Zar 1999 ).
RESULTS
Seed bank
The density of the germinated seeds in the soil was 32.3 ? 31.6 seeds m-2 in the dry season of 1996, 49.6 ? 43.8 seeds m-2 in the rainy season of 1997 and 46.3 ? 68.2 seeds m-2 in the dry season of 1997. The seed density of the soil during the dry season of 1996 was significantly lower than in the rainy season of 1997 (F = 5.97, df = 2, P < 0.05), but there was no difference between the wet and dry seasons of 1997. Trema micrantha, a tree characteristic of the early stages of succession, was the most abundant species since it had the highest absolute density in the three periods sampled (Appendix 1).
Species richness and life-form distribution
Forty-one species were identified in the seed bank of the 1996 dry season, 39 species in the rainy season of 1997 and 37 species in the dry season of 1997. The similarity values for the seed bank composition in the three periods sampled were high (1996 dry vs. 1997 rainy: SI = 0.53, 1996 dry vs. 1997 dry: SI = 0.58, 1997 dry vs. 1997 rainy: SI = 0.53) and the small differences are due to a few species that fruited in only one season (Table 1) . Together trees and shrubs represented the greatest species richness and abundance in the seedlings germinated from soil samples of the three periods (Table 2) .
Seed rain
From March 1997 to February 1998,3865 propagules of 54 species in total were identified in the 35 traps installed in the forest. The density of seed deposition during this period was 442 ? 493 propagules m-2. The densities and absolute frequencies, life forms, successional stages and manner of dispersal of the samples There was variation in the number of species associated with the three dispersal mechanisms (X2 = 6.05, df = 2, P < 0.05). The contents of the traps consisted predominantly of wind-dispersed species (57.4%, 31 species), followed by animal-dispersed species (29.6%, 16 species) and ballistically dispersed species (9.3%, 5 species); 3.7% (2 species) could not be characterized (Appendix 2). Climber species were caught in the traps mainly from May to November i.e. during the entire dry season and at the beginning of the rainy season. Propagules of tree species were recorded predominantly during the rainy season, from September to January.
Seed rain and vegetation composition and structure
The number of species in the studied area was 205, and consisted of 85 trees, 37 treelets, 36 climbers, 32 shrubs and 15 herbs (Grombone-Guaratini 1999). Nearly 70% (39 species) of the species found in the seed rain coincided with the composition of the local flora. The similarity between the seed rain and the community composition was 0.42. AND R. R. RODRIGUES 
Seed rain
The observations about seasonality in the seed rain agree with those of other studies which monitored seed rain in tropical forests throughout the year 
Seed bank vs. seed rain
The mean density of seeds in the soil bank in both periods was nearly 86% lower than the seed-rain density. A smaller reduction (71%) was reported by Rabinowitz & Rapp (1980) . The probable explanations for this finding include intense predation or rapid germination of the diaspores as soon as they reach the soil. The vertical transport of seeds, the activity of vertebrates and the percolation of rain water are also possible causes for the loss of seeds in the soil (Saulei & Swaine 1988) . In the present study, the different methods used to count seeds in the seed bank and in the seed rain may have contributed to the large difference between these two; the specific method for assessing apparently viable seeds may have overestimated the seed-rain content.
Analysis of the similarity between the seed-rain flora and the total flora of the study area showed that there were few species in common. The presence of some species in the seed rain and seed bank only during their period of fruiting (Zanthoxylum monogynum, Piptadenia gonoacantha, Trichilia clausseni and Senna macranthera), suggests that these species remain in the soil for only a brief period, thus making the seed bank transitory. The species that were present in the seed bank and absent from the seed rain may accumulate seeds in the soil for a long period of time (Cecropia sp. and Trema micrantha).
Although there were differences in the species composition of the seed rain among the several studied months and significant differences between the seed densities of the 1996 dry season and the 1997 rainy season, there was no clear evidence of seasonal effects on species density and richness in this forest. Our data emphasize the importance of the seed bank and seed rain as potential sources of new individuals and species for recruitment. Furthermore, the availability of propagules and dispersal agents throughout the year ensures the structural re-establishment of the vegetation following disturbance. Investigations of vegetation structure, spatial and temporal patterns of seed rain, and the influence of both of these on the composition of the seed bank may provide important information for the conservation and management of tropical forests. 
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